Background: Control of weeds is important for survival, growth and uniformity of planted conifers, such as Pinus radiata D.Don and Pseudotsuga mensiesii var. menziesii (Mirb.) Franco. Despite pressure to find environmentally benign herbicides for these species, little research has identified non-residual herbicides that are cost-effective and result in minimal growth loss compared to those used operationally. The objective of this study was to compare efficacy and cost of current operational practice to a range of alternative herbicide treatments for the establishment of these two species using data from two trials located at the same site. Methods: Treatments for each species were applied in both the first and second year following planting and included weed-free controls, operational practice using terbuthylazine and hexazinone (applied as both spot treatment and broadcast application) and a range of treatments consisting of combinations of clopyralid, triclopyr and haloxyfop (CTH), applied with or without oversowing with less competitive grasses and annual herbaceous species. Application of glyphosate during winter was included within the Pseudotsuga mensiesii trial as a first year treatment only and as a second year treatment following spot application of CTH in the first year. Results: For the Pinus radiata trial, broadcast application of CTH in spring of years 1 and 2 was most effective, with mean stand volume (m 3 ha −1 ), at 2.5 years, exceeding the weed-free control and operational treatment by 8 and 11%, respectively, although these differences were not statistically significant at the 5% level. Use of the operational treatment as a spot in the first year, followed by broadcast application of CTH in the second year, was moderately effective when used with or without oversowing. For the Pseudotsuga mensiesii trial, the four most effective treatments were the operational treatment, broadcast application of CTH during year 1 (CTH-Dec), broadcast application of CTH during spring of years 1 and 2, and broadcast application of glyphosate during winter (winter glyphosate). Although not significantly different, at 2.5 years mean stand volumes in these treatments were on average 24, 29, 33 and 35% lower than the weed-free control, respectively. Both CTH-Dec and winter glyphosate were less expensive than the operational treatment.
Background
One of the most critical components of the forest product lifecycle is the economic and environmentally sustainable establishment of commercial forests (Campbell et al. 2013) . It is well known that the management of competing vegetation, or weeds, during this establishment phase underpins long-term forest productivity, ensuring good tree survival, optimal growth and stand uniformity at canopy closure . For planted forests, managed for commercial production of timber, herbicides provide the most cost-effective means to achieve optimum control of weeds during this establishment phase (Mendell et al. 2015; Neary and Michael 1996; Rolando et al. 2010) . Herbicides have been available to forest growers for over 40 years, and their use and application for weed control has been well documented across most forest-growing regions (Little and Rolando 2002; McCarthy et al. 2011; Rolando et al. 2013; Thompson and Pitt 2003) . In addition, the optimal, and most costeffective, strategy for managing weeds using herbicides is well known for many regions and embedded in local operational practice (Harrington et al. 1995; Rolando et al. 2013; Rolando and Little 2009 ). Therefore, factors driving further research into new methods of operational forest weed control are largely related to the availability of more environmentally safe herbicides that have the ability to replace current active ingredients or innovative methods able to reduce the dependence on herbicides whilst retaining current levels of productivity at low cost. The shift to reduce dependence on herbicides for forest weed control has been driven by an increasing global awareness of the impacts of pesticides on the wider environment and human health (Baillie 2016; Garrett et al. 2016; Harrington et al. 1995; Little et al. 2006; Rolando et al. 2013; Rolando and Little 2009; Thiffault and Roy 2011; Wagner et al. 1998) . For the forest industry, this shift was supported by the emergence of forest certification in the late 1990s. Established mainly to reduce trade in illegally logged timber, these certification schemes also aim to provide consumers with assurance that wood products are obtained from sustainably managed forests. The result has been a continued requirement for forest growers to revisit their operational weed management programmes to ensure that the use of herbicides also result in minimum impacts to the forest environment whilst remaining cost-effective.
Decades of research have been dedicated to reducing the dependence on herbicides for weed control in New Zealand planted forests (Richardson 1993; Richardson et al. 1996a; Richardson et al. 1996b; Rolando et al. 2010) . Over the period 2007 to 2015, much of this research was focused on finding suitable alternatives to or reducing the use of the widely used, and highly effective, active ingredients terbuthylazine 1 and hexazinone 1 (Rolando et al. 2011; Rolando and Watt 2014; Watson et al. 2010; Watt and Rolando 2014; Tran et al. 2015) . Between 2007 and 2015, these active ingredients were listed as "highly hazardous" by the Forest Stewardship Council (FSC) and could not be used on FSC-certified forest land without derogation (Forest Stewardship Council 2007 , 2015 . Since over 50% of the New Zealand forest industry was certified by FSC (Forest Owners Association 2014), this was a significant issue for growers needing to manage a suite of highly competitive and vigorous weeds with the ability to cause complete crop failure if not adequately managed (Richardson 1991) . As a consequence, much research was conducted into the potential for registered herbicides, other than terbuthylazine and hexazinone, to control the suite of weeds common to New Zealand planted forests. The FSC criteria for rating of herbicides as highly hazardous changed in 2015. This change led to the removal of terbuthylazine and hexazinone from the FSC list of highly hazardous pesticides (HHP). This was a positive outcome for many growers. However, another widely used herbicide, picloram, was added to the list (Forest Stewardship Council 2015) . Picloram is used to manage scrub weeds such as C. scoparius and U. europaeus so there is a need to find alternatives. There is continued interest in New Zealand in the potential of non-residual herbicides for effective forest weed control because of the generally dynamic nature of pesticide regulations globally at present. This interest is partly attributed to the requirement for certified forest growers to continually strive to reduce dependence on the use of herbicides for weed control.
Field trials were implemented at Canterbury and Marlborough, New Zealand, in 2008 to investigate whether the active ingredients clopyralid, triclopyr and picloram could replace terbuthylazine and hexazinone for the control of dense infestations of C. scoparius in young Pinus radiata D.Don (radiata pine) stands . These two trials incorporated treatments that tested the impact of herbicide rate and timing of application on herbicide efficacy. The results from these trials indicated that C. scoparius could be controlled effectively by the aerial application of 1125 g ha −1 clopyralid, 113 g ha −1 triclopyr and 37.5 g ha −1 picloram in spring (October) in the year of planting, and the year following. The results of these two trials also indicated that this combination of active ingredients resulted in a shift in vegetation cover from highly competitive C. scoparius to less competitive grasses and annual herbaceous species, an outcome with potentially positive impacts for stand access required later in the rotation for tending and pruning operations.
To confirm the earlier results on the potential for triclopyr and clopyralid to manage C. scoparius in young Pinus radiata stands, a new trial was implemented on a site dominated by C. scoparius in Southland, New Zealand, during 2011. A separate trial at the same Southland site involved Pseudotsuga menziesii var. menziesii (Mirb.) Franco, as this species is important to the Southland region (New Zealand Institute of Economic Research 2015). Very little research has been conducted on the impact of alternative herbicide treatments on the establishment of this species. As Pseudotsuga menziesii is more sensitive to most commonly used forestry herbicides than Pinus radiata, there is a limited range of alternative herbicides available that are not phytotoxic to this tree species (Maclaren 2008) . In addition, Pseudotsuga menziesii is particularly susceptible/sensitive to weed competition which in combination with its slow initial growth, means that good weed control is necessary for a longer duration (Maclaren 2008) . Picloram was not included in any treatments in either trial to determine whether efficacy on C. scoparius was retained when this active ingredient was not included in the mix.
The efficacy of clopyralid, triclopyr and haloxyfop, applied in various combinations, was tested for weed control in establishing Pinus radiata or Pseudotsuga menziesii var. menziesii (Douglas-fir) stands. The cost-effectiveness of the different management regimes tested was also evaluated. Oversowing with grasses and annual herbaceous species that are less competitive weeds than C. scoparius was also included in the treatment subset to determine the impact of this procedure on regeneration of this species when used in combination with selected alternative herbicides.
Methods

Trial location and site description
The Pinus radiata and Pseudotsuga menziesii trials were each located at Rowallan Forest (Compartment 411, Stand 3) (2097875 E and 5450611 N), Southland. This site has a mean annual rainfall of 1232 mm and a mean annual temperature of 9.5°C (New Zealand Meteorological Service 1983) and has relatively low productivity (Site Index (20 years) of 18 m) compared to other planted Pinus radiata forest areas within New Zealand (average Site Index (20 years) of 29.9 m; ).
The trial areas were planted either with Pinus radiata or Pseudotsuga menziesii in July 2011 at 1000 stems ha Tables 1 and 2 for details of treatments):
Two control treatments, one which included no weed control (treatment 1: no control) and one which included complete weed control (treatment 2: weedfree). These controls provided reference data for determining the potential growth of trees relative to weed competition (particularly C. scoparius) at the site. An operational treatment (treatment 3: operational) that reflected the forest company's standard operational practice for the site. This treatment served to benchmark the performance of the alternatives relative to the current operational practice. For the first year aerial release operation, terbuthylazine alone was used in the Pseudotsuga menziesii trial but a mixture of terbuthylazine and hexazinone was used in the Pinus radiata trial. Control in the second year consisted of an aerial application of a clopyralid and triclopyr mix to both trials. Spot control treatments with terbuthylazine only (Pseudotsuga menziesii trial), or terbuthylazine and hexazinone (Pinus radiata trial) that either did not (treatment 4: spot control 1) or did (treatment 5: spot control 2) include follow-up control in the second year following planting. Spot control provides a reduction in the area that required weeding as well as the amount of active ingredient applied to the site. The broadcast application of a mixture containing clopyralid (C), triclopyr (T) and haloxyfop (H) in the first year release operation (October or December), with or without follow-up weed control (spraying) in the second year after planting (treatments 6-9: CTH-Oct x2; CTH-Oct; CTH-Decx2; CTH-Dec). These treatments were included to test herbicide alternatives to terbuthylazine and hexazinone. Spot-control treatments that were carried out in conjunction with an oversowing operation (treatments 10-12 Pinus radiata trial only: spot control 3, 4 and 5). These treatments were implemented to better understand the impact of oversowing on the regrowth of the scrub weeds such as C. scoparius. Treatments that included a broadcast application of glyphosate in the winter following planting, either without a second year release operation (treatment 10: winter glyphosate), or with a second year release operation (treatment 11: CHT-Oct and winter glyphosate). These treatments were tested in the Pseudotsuga menziesii trial only.
Each treatment plot included 10 trees (two rows of five trees) with a buffer of two rows between adjacent plots. Herbicides were applied to the inner 10 trees. For the Pinus radiata trial, all treatments, except treatments 8 and 9, were applied in mid-October 2011 or 2012. Treatments 8 and 9 were applied on 6 December 2011. The same methods were used for the Pseudotsuga menziesii trial, with the exception of treatments 10 and 11 which were applied in late July 2012. All treatments were applied manually using a Solo Knapsack sprayer calibrated to deliver 200 L ha −1 .
Measurements and assessments
Measurements of tree height (ht) and groundline diameter (gld) were taken before treatment application, and at approximately 3, 6, 12, 18 and 30 (2.5 years) months after trial initiation. Measurements commenced in October 2011 prior to application of the first (post-planting) herbicide treatments and were completed by 30 April 2014. Measurements of ht and gld were used to calculate tree volume, V, using the formula of a parabolic cone, Eq. 1. The formula is directly proportional to a derived biomass index, BI (defined as the product of the square of groundline diameter and tree height, i.e. BI = gld 2 .ht) which was found to be closely correlated with aboveground biomass (Eccles et al. 1997 ). Therefore, V will also be closely correlated with above-ground biomass, and application of standard least squares techniques with either V or BI as the response variable will result in identical significance levels for the treatments. ). All herbicides were applied to the entire plot, apart from the spot applications treatments indicated in bold. All herbicides were applied with water to make up 200 L ha −1
. Treatments marked with an asterisk were oversown. Amount of active ingredient used for spot control was based on planting density of 1000 stems per hectare. Products used are shown below the 
At the final measurement date, average stand volume (SV: m 3 ha −1 ) was calculated as the average tree volume (V) per treatment scaled to a hectare (1000 stems per hectare). In addition to this a total volume response was calculated for each treatment relative to the control, after first subtracting volume at initial measurement. Total volume (TV) response incorporates tree mortality, whereas SV does not, being the mean volume of all live trees.
Measurements of weeds were taken within a circle of 1-m radius around each tree. The 1-m circle was subdivided into four quadrants centred around the tree and the height of the tallest weed in each quadrant was recorded.
These four values were averaged to determine the mean maximum weed height (Av_ht). The percentage weed cover within each quadrant was estimated (Av_cov) and the proportion of cover in broadly described functional weed types identified: (1) grasses, (2) herbaceous annuals (HBL) and (3) scrub weeds (C. scoparius, U. europaeus, R.
fruticosus, Leycesteria formosa Wall. (Himalayan honeysuckle) and native woody plants). Treatment costs were calculated using current information on application and product costs supplied by three forest management companies and taking an average of these. These costs were used to estimate the cost of each operation applied and a total cost for each treatment.
Statistical analyses
Linear mixed effects models were applied to examine relationships between herbicide treatment and either treeor weed-growth characteristics at specific dates following herbicide treatment. The dependent variables in the analyses were tree volume (V); or weed cover (Av_cov); the independent variable was treatment, with replicate plot included in the model as a random effect. Response variables (V and Av_cov) were transformed using natural logarithms or square roots, respectively, to meet assumptions of normality and homogeneity of variance. Note that stand volume (SV) can be obtained from tree volume estimates by scaling to a hectare. Models were fitted with and without multiple variances, and 1974) to select the optimal model. The mixed effects models were fitted using the REML method (Searle et al., 1992) , with the complete weed control treatment (treatment 2: weed-free) used as the reference level. All modelling was performed using R (R Core Team 2013). Tukey's "Honest Significant Difference" method was used for comparisons of treatment means where the overall model indicated significant difference between treatments. A summary of the key analyses are shown in the Appendix. Differences were considered significant at the 95% level (alpha = 0.05).
Results
Pinus radiata trial Weed assessments
Six months (190 days) after trial initiation, the percentage weed cover in the 1-m radius around each tree was low (mean = 3.6%) except where oversowing had been carried out in the autumn before planting, combined with no follow-up control of the grasses (treatments 10 and 11: spot control 3 and spot control 4) (data not shown). In spot control 3 and spot control 4, grass cover was 80% or greater, dominated by H. lanatus. Emergence of scrub weeds at this stage, particularly C. scoparius and U. europaeus, and other competitive vegetation, was low in the no control treatment (20% cover) and across the site. Growth of competitive vegetation over the second season after planting (between 6 and 18 months after trial initiation) increased significantly, with scrub weeds (predominantly C. scoparius) and grasses (predominantly H. lanatus) emerging as the dominant vegetation types (Fig. 1 : no control treatment). The height of the tallest weeds in the no control treatment was 1.75 m, 10% taller than the average tree in this treatment. There was a high cover of competitive vegetation, particularly grasses, where oversowing had been carried out (Fig. 1, spot control treatments 3, 4 and 5) . The highest cover of vegetation (>80%) within a 1-m radius of the tree occurred in the oversown plots where no treatment effective for grasses was applied (spot control 3 and 4). Cover in these treatments was significantly higher than that in any other treatment. This was followed by the no control and spot control 5 treatments where cover was 65 and 59%, respectively. Cover of competitive vegetation was lowest in the weed-free control (3%) where continuous, complete weed control was implemented. Cover of vegetation in the weed-free control was significantly lower than all other treatments barring CTH Oct x2 (9%). The cover of vegetation in spot control 2, CTH-Dec x2, CTH-Oct, CTH-Dec and spot control 1 was not significantly different from cover in the operational treatment (Fig. 1 ). Significant treatment comparisons are summarised for mean weed cover at 18 months (Table 3) , with the spring application of herbicides resulting in significantly lower vegetation cover.
Tree mortality and growth
Mortality for the trial was low (<3% at 2.5 years). There were no significant differences (P = 0.36) in tree volume (V) across treatments prior to trial initiation. At 2.5 years after trial initiation, significant differences in stand volume, between treatments and the controls were detected (Table 4) .
Stand volume in the CTH-Oct x2, spot control 2 and spot control 5 treatments were amongst the highest and not significantly different from either the weed-free control, or operational treatment (Table 4 ). All of these treatments are, therefore, potentially viable alternatives to current operational treatments for this site. The most notable outcome for this trial is that the highest stand volume overall occurred in the CTH-Oct x2 treatment, as this treatment did not include any persistent herbicides. The second notable outcome is the high stand volume in the treatments spot control 2 and spot control 5. Both of these treatments included a spot application of terbuthylazine and hexazinone in year 1 followed by a broadcast herbicide treatment targeting the scrub weeds C. scoparius and U. europaeus in the spring after planting (Table 1 ). Spot control 2 and spot control 5 were identical in application of active ingredients and differed only in that spot control 5 included over-sowing with grass prior to planting, resulting in an overall higher cover of grasses (Fig. 1 ). Significant treatment comparisons are summarised for stand volume at 2.5 years (Table 5) , with spring application of herbicides resulting in significantly higher stand volume.
Tree volume responses relative to the weed-free control are shown in Fig. 2 . Initially there were positive treatment responses, particularly for spot control 5, but these responses declined over time and, by 2.5 years, the volume response of spot control 5 fell below that of the weed-free control. Spot control 2 had a similar volume response at 2.5 years. The CTH-Oct x2 treatment showed a small positive volume response at 2.5 years, and that of the operational treatment was similar to the weed-free control. The results at 2.5 years were consistent with those for mean stand volume (SV) noted above.
Treatment costs
The estimated costs for each treatment (Table 6 ) allowed for a comparison of tree performance at 2.5 years as a function of treatment cost (Table 7) . For example, a grower wanting to minimise costs, whilst accepting a moderate level of growth loss relative to the possible optimum, might choose something equivalent to either spot control 1 or CTH-Oct. A grower wanting to optimise growth whilst accepting a higher cost of weed control, might choose treatments equivalent to spot control 2, operational, CTHOct x2 or spot control 5. These analyses show that there is no low cost treatment with optimal growth.
Pseudotsuga menziesii trial Weed assessments
As with the Pinus radiata trial, at the end of the second season (18 months) the highest vegetation cover occurred in the oversown treatment, spot control 3 (95.6% cover), followed by the no control treatment (80.3% cover) (Fig. 3) . Cover in the no control treatment was predominantly C. scoparius, followed by grasses. The average height of the tallest weeds in the no control treatment at 18 months was 1.95 m, 99% taller than the height of the average tree. The lowest cover of vegetation occurred in the weed-free control (9.5% cover), which was significantly lower than all other treatments, with the exception of the CTH-Oct x2 treatment (Fig. 3) . Cover of vegetation for the two treatments that included an application of glyphosate over the winter period (treatments 10 and 11: winter glyphosate and CTH-Oct and winter glyphosate) and spot control 2 was not significantly different from that in the operational standard (Fig. 3) . However, this cover was significantly higher than that in the weed-free control. Significant treatment comparisons are summarised for Significantly higher cover of weeds where terbuthylazine and hexazinone applied as a 1.4-m diameter spot in spring of planting as opposed to an aerial application of same active ingredients
The difference in cover (%) between the treatments, using the second treatment as the base, the significance of the comparison and its meaning are described mean weed cover at 18 months (Table 8) , and as with the Pinus radiata trial, spring application of herbicides resulted in significantly lower vegetation cover.
Tree mortality and growth
Until the final measurement at 2.5 years, the mean trial mortality was below 2%. At 2.5 years, >10% mortality was recorded in the CTH-DEC x2, CTH-Oct and winter glyphosate and CTH-Oct treatments, with 43% in the no control treatment. There were no significant differences in stand volume amongst treatments after 2.5 years (Table 4) . However, stand volume was highest in the weed-free control followed closely by the operational treatment, CTH-Dec, CTH-Oct x2, winter glyphosate, CTH-Oct and winter glyphosate, and spot control 2. All alternative treatments resulted in stand volume loss relative to the weed-free control of 24, 29, 33, 35, 43 and 43%, respectively. As with the Pinus radiata trial, the efficacy of the treatments using clopyralid, triclopyr and haloxyfop (treatments 6-9) in reducing competition from weeds, was significantly reduced when applied in summer (December) rather than in spring (October). For the spot control treatments, there was a 42% increase in stand volume at 2.5 years when Table 4 Treatment means (and standard errors) for groundline diameter (gld), total tree height (ht), and stand volume (SV; determined as average tree volume scaled to a hectare) at 2.5 years The difference in stand volume between the treatments, using the second treatment as the base, the significance of the comparison and context are described in the table weed control was also carried out in the year following planting (stand volume in spot control 1 vs spot control 2; Table 4 ). Total tree volume responses over the trial period, relative to that in the weed-free control (treatment 2), were similar to those obtained for Pinus radiata (Fig. 4) . Positive responses to most herbicide treatments were observed in the early stages of tree growth. However, at 2.5 years, total tree volume responses for the operational, spot control 2, CTH-Oct x2, CTH-Dec, and winter glyphosate treatments were >20% less than that in the weed-free control.
Treatment costs
The estimated costs for each treatment (Table 6 ) allowed for a comparison of tree performance at 2.5 years as a function of treatment cost ( Table 9 ). The two most cost-and operationally effective alternatives to current ) and hexazinone (100 g L ).
Discussion and conclusions
The results of the two trials show that some alternative treatments could be used either to replace terbuthylazine and hexazinone, or to reduce inputs during the first and second year of weed control, notably for sites dominated by C. scoparius. For the Pinus radiata trial, the treatments with the highest potential were either (i) an aerial application of 1125 g ha −1 clopyralid, 225 g ha −1 triclopyr and 150 g ha
haloxyfop in the spring following planting, and the year after or (ii) spot control with 1200 g ha −1 terbuthylazine and 300 g ha −1 hexazinone in the spring following planting, followed by an aerial broadcast release with 1500 g ha −1 clopyralid, 150 g ha −1 triclopyr and 150 g ha −1 haloxyfop in spring of year 2. This latter treatment can be also combined with oversowing. Watt and Rolando (2014) indicated that clopyralid, triclopyr and picloram could be used to manage C. scoparius in young Pinus radiata stands. The results of the current trial indicate that effective control of C. scoparius and U. europaeus can also be achieved without the use of the active ingredient picloram. The results of the current study are also consistent with previous research by Tran et al. (2015) . These authors showed clopyralid has a similar impact on C. scoparius germination and regrowth as the operational control used in this study.
General trends observed in the Pseudotsuga menziesii trial were similar to those in the Pinus radiata trial. For example, the CTH-Oct x2 and spot control 2 treatments were amongst the better performing alternatives to the current operational treatment. The application of glyphosate during winter was also a promising treatment for Pseudotsuga menziesii since this species is dormant over the winter phase during March to August (Maclaren 2008) . Stand volume at 2.5 years in the winter glyphosate treatment was not significantly different from the weed-free control. Phytotoxic injury to Pseudotsuga menziesii in response to late season application of glyphosate has been observed in other studies (Harrington et al. 1995) so it is important to deploy this treatment early in winter. The difference in cover (%) between the treatments, using the second treatment as the base, the significance of the comparison and its meaning are described in the table
Tree volume differed with timing (October versus December) and frequency (1 year versus 2 years) of application of clopyralid, triclopyr and haloxyfop (treatments 6-9 both trials). This result highlighted the benefits that can be gained (in terms of reduced weed cover or greater tree volume) from repeated application of these herbicides early in the growing season. For the Pinus radiata trial, repeated application in spring amounted to a 66% increase in mean stand volume at 2.5 years after trial initiation over that where only one application was made, with a corresponding 40% increase for the Pseudotsuga menziesii trial. Repeated application in spring (October) rather than summer (December) resulted in a 64% increase in stand volume for the Pinus radiata trial and 36% for the Pseudotsuga menziesii trial. Highest efficacy is likely to be achieved when weeds are below 10 cm and actively growing since all of these active ingredients are systemic and foliar active, with little residual activity (Tomlin 2015) . Similar results have been previously found for Pinus radiata growing in competition with C. scoparius .
The objective of oversowing is to occupy the site with an easy-to-manage cover crop soon after harvesting, before the more competitive scrub weeds establish. Oversowing with H. lanatus in this experiment, increased cover of competitive vegetation overall and reduced the relative cover of C. scoparius at 18 months. However, for the treatments spot control 3 and spot control 4 in the Pinus radiata trial, the high cover of grasses during the first 18 months after trial initiation resulted in a 77% growth loss in stand volume at 2.5 years. The inclusion of a selective grass herbicide, such as haloxyfop, into these treatments could have provided control of the grasses in the 1.4-m spot around the trees. Some control of the grasses in the 1.4-m spot around the trees was provided in the spring after planting by the terbuthylazine and hexazinone mix used in spot control 5 (data not shown). This treatment was identical to spot control 2, with the exception of the oversowing in plots where spot control 5 was applied. There was no significant difference in stand volume for spot control 2 and spot control 5 at 2.5 years; however, the spectrum of competitive vegetation had shifted to one dominated by grasses in the latter treatment.
Few of the alternative treatments tested in these trials resulted in significant growth loss to trees relative to the current operational standard. Using estimated costs, none of the above treatments significantly increased costs over and above that for the operational standard treatment. It is recommended that further trialling of these treatments takes place on individual sites before they are deployed at an operational scale.
Endnotes
1 Terbuthylazine: N 2 -tert-butyl-6-chloro-N4-ethyl-1,3,5-triazine-2,4-diamine;
Hexazinone: 3-cyclohexyl-6-dimethylamino-1-methyl-1, 3,5-triazine-2,4-(1H,3H)-dione; The intercept represents the weed-free control a Treatments 10, 11 and 12 were different for the two trials
